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DIODE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an electrostatic 
breakdown protection diode incorporated in a semiconductor 
integrated circuit device. 
Description of the Related Art 

Semiconductor integrated circuit devices have inherent 
weakness that the devices are easily destroyed when high-voltage 
static charge is applied to the devices from outside because 
of the structural feature that micro circuits are formed of 
thin insulating films having a thickness of a few to a few tens 
of nm and shallow impurity diffused layers having a thickness 
of a few hundreds of nm to a few tens of micrometers on a silicon 
substrate. To protect the circuits* from the static charge, 
protection circuits in which a diode is connected in the backward 
direction against normal input/output signals are disposed 
between an input/output terminal (input terminal or output 
terminal) connected to the outside and power source and ground 
terminals. 

More specifically, a P + N"-type diode which an anode is 
connected to the input /output terminal and a cathode is connected 
to the power source terminal is - connected between the 
input/output terminal and the power source terminal. 
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Furthermore, a P~N + -type diode which a cathode is connected to 
the input/ output terminal and an anode is connected to the ground 
terminal is connected between the input/output terminal and 
the ground terminal. 
5 Figs. 2A and 2B are diagrams illustrating the structure 

of a traditional electrostatic breakdown protection diode . Fig. 
2A is a plan view, and Fig. 2B is a cross-sectional view along 
a line 2B-2B shown in Fig. 2A. 

This diode is a typical P + N~-type connected between the 

10 input/output terminal and the power source terminal, which has 
a P-type impurity diffused region 12 of high concentration that 
is disposed on the front surface of an N-type silicon well region 
11 of low concentration to form an anode and an N-type impurity 
diffused region 13 of high concentration that surrounds the 

15 P-type impurity diffused region 12 to form a cathode. A field 
oxide 14 is formed on the surfaces of a separation area for 
separatingthe P-type impurity diffused region 12 from the N-type 
impurity diffused region 13 and the N-type silicon well region 
11 extend to outside of the N-type impurity diffused region 

20 13. Moreover, an interlayer dielectric 15 covers the surfaces 
of the impurity diffused regions 12 and 13 and the field oxide 
14. Metal interconnect layers 16 and 17 for connecting the 
anode to the input/output terminal and the cathode to the power 
source -terminal, respectively, are formed on the interlayer 

25 dielectric 15. 
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The metal interconnect layer 16 has an anode part 16a 
corresponding to the P-type impurity diffused region 12 and 
formed smaller than that and an interconnect part 16b for 
connecting the anode part 16a to the input/output terminal. 
5 Furthermore, connecting metals 16c filled in a plurality of 
connecting holes disposed in the interlayer dielectric 15 
connect between the anode part 16a and the P-type impurity 
diffused region 12. 

The metal interconnect layer 17 has a belt-shaped cathode 
10 part 17a corresponding to the N-type impurity diffused region 
13 and formed smaller than that and an interconnect part 17b 
for connecting the cathode part 17a to the power source terminal . 
However, a part of the cathode part 17a is cut out for avoiding 
intersecting with the interconnect part 16b of the metal layer 
15 16. In addition, connecting metals 17c filled in. a plurality 
of connecting holes disposed in the interlayer dielectric 15 
connect between the cathode part 17a and the N-type impurity 
diffused region 13. Furthermore, an insulating film 18 is 
formed on the metal interconnect layers 16 and 17, and an 
20 interconnect layer, not shown, is formed thereon. 

In addition, a typical P'lsT-type diode connected between 
the input/output terminal and the ground terminal has a reverse 
conductive type of semiconductor having the same structure. 

The provision of this electrostatic breakdown protection 
25 diode allows static surges to be released on the power source 
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terminal side through the P + N~-type diode in the forward 
direction when positive static charge is applied to the 
input/output terminal. Moreover, static surges are released 
on the ground terminal side through the P"N + -type diode in the 
forward direction when negative static charge is applied to 
the input/output terminal. Accordingly, static charge is 
prevented from entering the inside and internal circuits are 
protected from electrostatic breakdown. 
Patent document JP-A-8-31 6421 

Non-patent document EOS/EDS SYMPOSIUM (1997) , S. Voldman 
et al. Dynamic Threshold Body- and Gate-Coupled SOIESD 
Protection circuits pp. 210-220 

SUMMARY OF THE INVENTION 

The problem to be solved is that static surges are also 
applied to a P"N + -type diode connected between an input/output 
terminal and a ground terminal in the backward direction to 
destroy the P"N + -type diode during < the period that positive 
static charge is applied to the input/output terminal and static 
surges are released on the power source terminal side through 
the P + N"-type diode in the forward direction, for example. 
Moreover, the P + N"-type diode in the backward direction is 
destroyed when negative static charge is applied to the 
input/output terminal. 

The breakdown is considered to be generated by the 
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following phenomenon. 

For example, when negative static charge is applied to 
the input /output terminal, the diode shown in Figs. 2A and 2B 
is in a state that a voltage in the backward direction is applied. 
Thus, the metal interconnect layer 16 is charged by the negative 
static charge at high potential, and a P-type inversion layer 
IP and a depletion layer DE are formed at the places right under 
the f ieldoxide 14 extendingbetween the N-type impurity diffused 
region 12 and the P-type impurity diffused region 13 in the 
lower part of the interconnect part 1 6b . In the meantime, since 
the lower part of the field oxide 14 without the metal 
interconnect layer 16 does not receive an electric field from 
the metal interconnect layer 16, the F-type inversion layer 
IP and the depletion layer DE are not formed therein. 

A surge current is carried from the N-type impurity 
diffused region 12 to the P-type impurity diffused region 13 
through the P-type inversion layer IP locally- formed, which 
causes local avalanche breakdown. The avalanche breakdown 
abnormally heats a place where the surge current is carried 
in concentration, and the temperature rise permanently destroys 
the insulation. 

The invention is to provide a diode that eliminates a 
local avalanche breakdown phenomenon when static surges in the 
backward direction are applied and has an excellent property 
to withstand electrostatic breakdown by an inventive structure 
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of an electrostatic breakdown protection diode. 

In aspects (1) and (2) of the invention, an electrostatic 
breakdown protection diode is configured to have: 

a second conductive type impurity region formed by 
diffusing a second conductive type impurity of high 
concentration on a front surface of a silicon substrate having 
a first conductive type impurity of low concentration; 

a first conductive type impurity region formed by 
diffusing a first conductive type impurity of high concentration 
on the front surface of the silicon substrate so as to surround 
the second conductive type impurity region with a predetermined 
width of a separation area apart from the second conductive 
type impurity region; 

an interlayer dielectric formed so as to cover the front 
surface of the silicon substrate on which the first and second 
conductive type impurity regions are formed; 

a first metal interconnect layer formed on the second 
conductive type impurity region and the separation area through 
the interlayer dielectric and electrically connected to the 
second conductive type impurity region through a connecting 
hole disposed the interlayer dielectric; and 

a second metal interconnect layer formed so as to almost 
fully cover the first conductive type impurity region through 
the interlayer dielectric and electrically connected to the 
first conductive type impurity region through a connecting hole 
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disposed in the interlayer dielectric. 

In addition, aspects (3) and (4) of the invention are 
that an electrode is formed on a front surface of a separation 
area between first and second conductive type impurity regions 
through an insulating film and the electrode is electrically 
connected to the second conductive type impurity region by the 
first metal interconnect layer. 

In the diode according to aspects (1) and (2) of the 
invention, the first metal interconnect layer is configured 
so as to cover the separation, area between the first and second 
conductive type impurity regions. Furthermore, in the diode 
according to aspects (3) and (4) of the invention, the electrode 
connected to the separation area at the same potential as that 
of the second conductive type impurity 'region . Accordingly, 
there is an advantage that a uniform avalanche breakdown 
phenomenon is generated throughout the separation area to 
prevent permanent dielectric breakdown caused by concentrated 
avalanche breakdown when static surges in the backward direction 
are applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The teachings of the invention can be readily understood 
by considering the following detailed description in 
conjunction with the accompanying drawings, in which: 

Figs . lAand IB are structural diagrams of an electrostatic 
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breakdown protection diode illustrating Embodiment 1 according 
to the invention; 

Figs. 2A and 2B are diagrams illustrating the structure 
of a traditional electrostatic breakdown protection diode; 

Figs . 3A and 3B are structual diagrams of an electrostatic 
breakdown protection diode illustrating Embodiment 2 according 
to the invention; and 

Figs . 4a and 4B are structual diagrams of an electrostatic 
breakdown protection diode illustrating Embodiment 3 according 
to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
A P-type impurity diffused region of high concentration 
to form an anode is formed on the front surface of an N-type 
silicon well region of low concentration, and an N-type impurity 
diffused region of high concentration to from a cathode is formed 
around the P-type impurity diffused region with a separation 
area having nearly uniform width placed in between,. 
Furthermore, an electrode is formed on the front surface of 
the separation area through an insulating film, and a metal 
interconnect layer for anode is formed on the front surface 
through an interlayer dielectric and electrically connected 
to the P-type impurity diffused region and the electrode. 
Moreover, a metal interconnect layer for cathode is formed 
through the interlayer dielectric and electrically connected 
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to the N-type impurity diffused region. 
Embodiment 1 

Figs . 1A and IB are structual diagrams of an electrostatic 
breakdown protection diode illustrating Embodiment 1 according 
to the invention. Fig. 1A is a plan view, and Fig. IB is a 
cross-sectional view along a line IB-IB shown in Fig. 1A. In 
addition, in Figs. 1A and IB, the same components as the 
components shown in Figs. 2A and 2B are designated the same 
reference numerals .and signs. 

This diode is a P + N"-type connectedbetween an input/output 
terminal and a power source terminal, which has a nearly square 
P-type impurity diffused region 12 of high concentration that 
is disposed on the front surface of an N-type silicon well region 
11 of low concentration to form an anode, and an N-type impurity 
diffused region 13 of high concentration that surrounds- the 
P-type impurity diffused region 12 at a nearly uniform interval 
to form a cathode. A field oxide 14 is formed on the surfaces 
of a separation area for separating the P-type impurity diffused 
region 12 from the N-type impurity diffused region 13 and the 
N-type silicon well region 11 outside the N-type impurity 
diffused region 13. Furthermore, the surfaces of the impurity 
diffused regions 12 and 13 and the field oxide 14 are covered 
with an interlayer dielectric 15. Metal interconnect layers 
21 and 22 for connecting the anode to an input/output terminal 
and the cathode to a power source terminal, respectively, are 
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formed on the interlayer dielectric 15. 

The metal interconnect layer 21 has an anode part 21a 
formed in a large size so as to cover throughout the P-type 
impurity diffused region 12 and the separation area between 
the P-type impurity diffused region 12 and the N-type impurity 
diffused region 13 and an interconnect part 21b for connecting 
the anode part 21a to the input/output terminal. Moreover, 
connecting metals 21c filled in a plurality of connecting holes 
disposed in the interlayer dielectric 15 electrically connect 
between the anode part 21a and the P-type impurity diffused 
region 12. 

In the meantime, the metal interconnect layer 22 has a 
square belt-shaped cathode part 22a corresponding to the N-type 
impurity diffused region 13 and formed smaller' than that and 
an interconnect part 22b for connecting the cathode part 22a 
to the power source terminal. However, a part of one side of 
the cathode part 22a is cut out for avoiding intersecting with 
the interconnect part 21b of the metal layer 21. In addition, 
connecting metals 22c filled in a plurality of connecting holes 
disposed in the interlayer dielectric 15 electrically connect 
between the cathode part 22a and the N-type impurity diffused- 
region 13. Furthermore, an insulating film 18 is formed on 
the metal interconnect layers 21 and 22, and an interconnect 
layer, not shown, is formed thereon. 

The fabrication process steps of the diode in outline 
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are as follows. 

First, a silicon nitride film is formed on a silicon 
substrate, the nitride film in the places to form the field 
oxide 14 is removed by photolithography, and then a resist used 
in photolithography is removed. Subsequently, the areas where 
the nitride film is removed are thermally oxidized to form the 
field oxide 14 at predetermined positions. 

Then, the areas other than the area to be the cathode 
are covered with a resist film-by photolithography , andanN-type 
impurity of high concentration is injected to form the N-type 
impurity diffused region 13. Similarly, a P-type impurity of 
high concentration is injected into the area to be the anode, 
and the P-type impurity diffused region 12 is formed. 

The interlayer dielectric 15 is formed over throughout 
the surface of the silicon substrate on' which the field oxide 
14, the P-type impurity diffused region 12 and the N-type 
impurity diffused region 13 are formed, and then a photo resist 
is applied to the surface of the interlayer dielectric 15 to 
form a resist pattern for opening the connecting holes by 
photolithography. The resist pattern is used to etch the 
interlayer dielectric 15 for opening the connecting holes. 

Moreover, the photo resist is removed, the metal layer 
is formed over throughout the surface of the interlayer 
dielectric 15, and the metal layer is etched by photolithography 
to form the metal interconnect layers 21 and 22 for connecting 
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to the input/output terminal and the power source terminal. 
The insulating film 18 is formed on the surfaces of the metal 
interconnect layers 21 and 22 to fabricate the diode shown in 
Figs. 1A and IB. In addition, after that, second and third 
metal interconnect layers are formed as required. 
Next, the operation will be described. 

When positive static charge is applied to the input/output 
terminal, a positive voltage is applied to the metal interconnect 
layer 21 and a negative voltage is applied to the metal 
interconnect layer 22 of the diode shown in Figs. 1A and IB. 
Accordingly, a voltage in the ' forward direction is applied 
between the P-type impurity diffused region 12 as the anode 
and the N-type impurity diffused region 13 as the cathode, and 
acceptable static surges are absorbed with no problem. 

In the meantime, when negative static charge is applied 
to the input/output terminal, the diode is in a state that a 
voltage in the backward direction is applied, and the metal 
interconnect layer 21 is charged at high potential by negative 
static charge. The metal interconnect layer 21 covers the 
entire field oxide 14 as the separation area between the P-type 
impurity diffused region 12 and the N-type impurity diffused 
region 13 through the interlayer dielectric 15 . On this account, 
a P-type inversion layer IP and a depletion layer DE are uniformly 
formed along all four sides in the N-type silicon well region 
11 under the field oxide 14 by a negative electric field caused 
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by the static charge charged in the metal interconnect layer 
2i. Accordingly, current is carried through the P-type 
inversion layer IP formed throughout the separation area between 
the P-type impurity diffused region 12 and the N-type impurity 
diffused region 13, and uniform avalanche breakdown is 
generated. 

As described above, in the diode of Embodiment 1, the 
anode part 21a of the metal interconnect layer 21 to be connected 
to the input/output terminal is configured to cover the entire 
P-type impurity diffused region 12 arid the field oxide 14 for 
separating the P-type impurity diffused region 12 from the N-type 
impurity diffused region 13. Therefore, the P-type inversion 
layer IP and the depletion layer DE are formed uniformly in 
the N-type silicon well region 11 under the field oxide 14 when 
the static surges in the backward direction are applied, which 
allows uniform avalanche breakdown to be generated in the P-type 
inversion layer IP to eliminate the generation of a local 
avalanche breakdown phenomenon. Accordingly, there are 
advantages that abnormal heat generation caused by concentrated 
current is eliminated, permanent dielectric breakdown is not 
generated, and excellent properties to withstand electrostatic 
breakdown can be obtained. 
Embodiment 2 

Figs . 3A and 3B are structual diagrams of an electrostatic 
breakdown protection diode illustrating Embodiment 2 according 
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to the invention. Fig. 3A is a plan view, and Fig. 3B is a 
cross-sectional view along a line 3B-3B shown in Fig. 3A. In 
addition, in Figs. 3A and 3B, the same components as the 
components shown in Figs. 2A and 2B are designated the same 
reference numerals and signs. 

As similar to the diode shown in Figs. 2A and 2B, this 
diode is a P + N~-type connected between an input/output terminal 
and a power source terminal, in which a P-type impurity diffused 
region 12 and an N-type impurity diffused region 13 are formed 
on the surface of anN-type silicon well region 11 . Abelt-shaped 
polysilicon electrode 20 is formed throughout the surface of 
a separation area for separating the P-type impurity diffused 
region 12 from the N-type impurity diffused region 13 through 
an oxide film 19, and a field oxide 14 is formed on the surface 
of the N-type silicon well region 11 outside the N-type impurity 
diffused region 13. 

Furthermore, the surfaces of the impurity diffused 
regions 12 and 13, the polysilicon electrode 20 and the field 
oxide 14 are covered with an interlayer dielectric 15 . A metal 
interconnect layer 16X for connecting an anode and the 
polysilicon electrode 20 to the input/output terminal and a' 
metal interconnect layer 17 for connecting a cathode to the 
power source terminal are formed on the interlayer dielectric 
15. 

The metal interconnect layer 16X has an anode part 16a 
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corresponding to the P-type impurity diffused region 12 and 
formed smaller than that and an interconnect part 16b for 
connecting the anode part 16a to the input /output terminal. 
In addition, connecting metals 16c filled in a plurality of 
connecting holes disposed in the interlayer dielectric 15 
connect between the anode part 16a and the P-type impurity 
diffused region 12. Moreover, the interconnect part 16b is 
connected to the polysilicon electrode 20 by a connecting metal 
16d filled in a connecting hole disposed in the interlayer 
dielectric 15. 

The metal interconnect layer 17 has a belt-shaped cathode 
part 17a corresponding to the N-type impurity diffused region 
13 and formed smaller than that and an interconnect part 17b 
for connecting the cathode part 17a to the power source terminal . 
However, a part of the cathode part 17a is cut out for avoiding 
intersecting with the interconnect part 16b of the metal layer 
16. Moreover, connecting metals 17c filled in a plurality of 
connecting holes disposed in the interlayer dielectric 15 
connect between the cathode part 17a and the N-type impurity 
diffused region 13. In addition, an insulating film 18 is formed 
on the metal interconnect layers 16 and 17, and an interconnect 
layer, not shown, is formed thereon. 

The fabrication process steps of the diode in outline 
are as follows. 

First, a silicon nitride film is formed on a silicon 
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substrate, the nitride film in the area to form the field oxide 
14 is removed by photolithography, and a resist used in 
photolithography is removed. Subsequently, the area where the 
nitride film is removed is thermally oxidized to form the field 
oxide 14 at a predetermined position. 

Then, an oxide film and a polysilicon layer are 
sequentially formed in the area to form the diode, and the oxide 
film 19 and the polysilicon electrode 20 are formed by patterning 
with photolithography . Subsequently, the areas other than the 
area to be the cathode are covered with a resist pattern by 
photolithography, and an N-type impurity of high concentration 
is injected to form the N-type impurity diffused region 13. 
Similarly, a P-type impurity of high concentration is injected 
into the area to be the anode, and the P-type impurity diffused 
region 12 is formed. 

The interlayer dielectric 15 is formed throughout the 
surface of the silicon substrate on which the field oxide 14, 
the polysilicon electrode 20, the P-type impurity diffused 
region 12 and the N-type impurity diffused region 13 are formed, 
and then aphoto resist is applied to the surface of the interlayer 
dielectric 15 to form a resist pattern for opening the connecting 
holes by photolithography. The process steps after that are 
the same as those in Embodiment 1. 

Next, the operation will be described. 

When positive static charge is applied to the input/output 



16 



F-02ED0581 

terminal, a positive voltage is applied to themetal interconnect 
layer 16X and a negative voltage is applied to the metal 
interconnect layer 17. Accordingly, a voltage in the forward 
direction is appliedbetween the P-type impurity diffused region 
12 as the anode and the N-type impurity diffused region 13 as 
the cathode, and acceptable static surges are absorbed with 
no problem. 

In the meantime, when negative static charge is applied 
to the input/output terminal, the diode is in a state that a 
voltage in the backward direction is applied, and the metal 
interconnect layer 16X is charged at high potential by negative 
static charge. Since the metal interconnect layer 16X is 
connected to the polysilicon electrode 20 through the connecting 
metal 16d, the polysilicon electrode 20 is also charged at high 
potential by negative static charge. Therefore, a P-type 
inversion layer IP and a depletion layer DE are uniformly formed 
along all-four sides in the N-type silicon well region 11 under 
the oxide film 19 by a negative electric field caused by the 
static charge charged in the polysilicon electrode 20. 
Accordingly, current is carried through the P-type inversion 
layer IP formed throughout the junction part of the P-type 
impurity diffused region 12 to the N-type impurity diffused 
region 13, and uniform avalanche breakdown is generated. 

As described above, in the diode of Embodiment 2, the 
polysilicon electrode 20 is disposed in the separation area 
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for separating the P-type impurity diffused region 12 from the 
N-type impurity diffused region 13 through. the oxide film 19, 
and the polysilicon electrode 20 is connected to the metal 
interconnect layer 16X. Accordingly, the P-type inversion 
layer IP and the depletion layer DE are uniformly formed in 
the N-type silicon well region 11 as the separation area when 
static surges in the backward direction are applied, allowing 
the same advantages as Embodiment 1 to be obtained. 

Furthermore, the oxide film 19 can He formed significantly 
thinner than the field oxide 14 and the interlayer dielectric 
15 in Fig. 1 (for example, the oxide film 19 is in a thickness 
of about 10 nm, and the field oxide 14 and the interlayer 
dielectric 15 are in a thickness of about 600 nm) . Accordingly, 
the P-type inversion layer IP deeper than that in Fig. 1 can 
be formed, the current density of the static surges carried 
through the P-type inversion layer IP is reduced, and more 
excellent properties to withstand electrostatic breakdown can 
be obtained. 
Embodiment 3 

Figs . 4A and 4B are structual diagrams of an electrostatic 
breakdown protection diode illustrating Embodiment 3 according 
to the invention. Fig. 4A is a plan view, and Fig. 4B is a 
cross-sectional view along a line 4B-4B shown in fig. 1 4A. In 
addition, in Figs. 4A and 4B, the same components as the 
components shown in Figs. 3A and 3B are designated the same 
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reference numerals and signs. 

In this diode, an N-type impurity diffused region 13X 
having a slightly different structure is provided instead of 
the N-type impurity diffused region 13 shown in Figs. 3A and 
3B. More specifically, the N-type impurity diffused region 
13X has a double structure in which an N-type impurity diffused 
region 13a of high concentration is disposed inside and an N-type 
impurity diffused region 13b of low concentration is disposed 
outside. Therefore, the structure is provided that a 
polysilicon electrode 20 is separated f r'om the N-type impurity 
diffused region 13a of high concentration at a predetermined 
distance by the N-type impurity diffused region 13b of low 
concentration. Then, connecting metals 17c filled in a 
plurality of. connecting holes disposed in an. interlayer 
dielectric 15 connect between the N-type impurity diffused 
region 13a of high concentration and a cathode part 17a of a 
metal interconnect layer 17. The other configurations are the 
same as those in 'Fig. 1. 

The fabrication process steps of the diode in outline 
are as follows. 

First, a silicon nitride film is formed on a silicon 
substrate, the nitride film in the area to form a field oxide 
14 is removed by photolithography, and a resist used in 
photolithography is removed. Subsequently, the area where the 
nitride film is removed is thermally oxidized to form the field 
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oxide 14 at a predetermined position. And, an oxide film and 
a polysilicon layer are sequentially formed in the area to form 
the diode, and then an oxide film 19 and the polysilicon electrode 
20 are formed by patterning with photolithography. 

Then, the areas other than the area to be the cathode 
are covered with a resist pattern by photolithography, and an 
N-type impurity of low concentration is injected into the area 
to be the cathode. Subsequently, the areas other than the area 
to be the N-type impurity - diffused region 13a of high 
concentration are covered with a resist pattern, and an N-type 
impurity of high concentration is injected. Therefore, the 
N-type impurity diffused region 13X formed of the N-type impurity 
diffused region 13a of high concentration and the N-type impurity 
diffused region 13b of low concentration is formed. 
Furthermore, the areas other than the area to be the anode are 
covered with a resist pattern by photolithography, and a P-type 
impurity of high concentration is injected into the area to 
be the anode, and the P-type impurity diffused region 12 is 
formed. 

The interlayer dielectric 15 is^ formed throughout the 
surface of the silicon substrate on which the field oxide 14, 
the polysilicon electrode 20, the P-type impurity diffused 
region 12 and the N-type impurity diffused region 13X are formed, 
and a photo resist is applied to the surface of the interlayer 
dielectric 15 to form a resist pattern for opening the connecting 
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holes by photolithography. The process steps after that are 
the same as those in Embodiment 1 . The operation of the diode 
is almost the same as the operation of the diode of Embodiment . 
2. 

However, when a voltage in the backward direction, that 
is, negative static charge is applied to the input/output 
terminal, a P-type inversion layer IP and a depletion layer 
DE formed in the N-type silicon well region 11 under the oxide 
film 19 are spread to the inside of the N-type impurity diffused 
region 13b of low concentration as shown in Fig. 4B. Therefore,, 
the place of PN junction is moved to the border part between 
the N-type impurity diffused region 13a of high concentration 
and the N-type impurity diffused region 13b of low concentration . 
Accordingly, the place of PN junction is to be formed in the 
place apart from the oxide film 19 and the polysilicon electrode 
20. 

As described above, in the diode of Embodiment 3, the 
polysilicon electrode 20 is disposed in the separation area 
for separating the P-type impurity diffused region 12 from the 
N-type impurity diffused region 13X through the oxide film 19, 
and the polysilicon electrode 20 is connected to a metal 
interconnect layer 16X. Accordingly, the same advantages of 
Embodiment 2 can be obtained. 

Moreover, the N-type impurity diffused region 13X is 
formed to have the. double structure formed of the inside N-type 
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impurity diffused region 13a of high concentration and the 
outside N-type impurity diffused region 13b of low concentration, 
and the N- type impurity diffused region 13a of high concentration 
is separated from the polys il icon electrode 2 0 at a predetermined 
distance. Accordingly, the place of PN junction formed when 
a voltage in the backward direction is applied is separated 
from the oxide film .19 and the polysilicon electrode 20 . Thus, 
permanent breakdown of the oxide film 19 caused by the static 
surges is suppressed, andmore excellent properties to withstand 
electrostatic breakdown can be obtained. 

In addition, since the same fabrication process steps 
as those of the traditional high-voltage transistor that is 
f abricatedby diffusing an impurity of high concentration inside 
an impurity region of low concentration can be used for the 
diode, the diode has an advantage that it is unnecessary to 
add special process steps in fabrication. 

As examples to utilize the invention, the following is 

named. 

(a) The P + N"-type diode connected between the input/output 
terminal and the power source terminal has been described, but 
a P"N + -type diode connected between the input/output terminal 
and the ground terminal can be configured by reversing the 
conductive type of semiconductor. 

(b) The shape of the P-type impurity diffused region 12 has 
been described to be square, but it is fine to form into a 
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rectangular or circular shape. 

(c) The anode part 21a of the metal interconnect layer 21 
shown in Figs. 1A and IB is nearly square so as to cover the 
entire P-type impurity diffused region 12 and separation area. 
However, the anode part 21a unnecessarily cover the entire P-type 
impurity diffused region 12 and separation area; the shape is 
fine that fully covers the border part between the N-type 
impurity diffused region 13 and the separation area. 
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